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(57) Abstract: The present invention concerns a device for fuel injection intended for an internal combustion engine with a wide 
range of speeds of revolution and with high lequiiements for rapid response such as, for example, the engine in a motor cycle, and a 
method of controlling fuel injection to such an engine. In the invention according to the present application the fuel injection to an 
internal combustion engine comprising an intake pipe (1) with at least one intake valve (2) and one or more injectors is controlled 
in such a manner that a first fuel injection in order to obtain a well prepared air/fuel nuxture occurs early in the working cycle of the 
engine following the closure of the intake valve and a second fuel injection in order to obtain an optimal amount of fuel for the cycle, 
a process known as "transient compensation**, occurs late in the working cycle before closure of the intake valve. 
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Title: A Method and Device for an Internal Combustion Engine 

S Technical Area 

The present invention concerns a device for fuel injection intended for an internal 
combustion engine with a wide range of speeds of revolution and with high requirements for 
r^id response such as, for example, the engine in a motorcycle, and a method of controlling 
fuel injection to such an engine. 

10 The Prior Art 

It is of the highest importance in intemal combustion engines that the correct mixture 
of air and fuel is obtained at the correct instant in order to obtain maximal power and to 
achieve minimum emissions. Better control of the air/fuel mixture is obtained with the aid of 
fuel injection than is obtained in an engine with a carburettor. It is most common that 

IS injection occurs in the intake pipe prior to the combustion chamber. Two injectors are 
nonnally required in engines with a wide range of speeds of revolution in order to cope with' 
the dynamic properties of the engine. The engines of motorcycles are examples of engines 
with advanced dynamic properties and high requirements for rapid response. The injectors 
have previously most often been applied in parallel and in this way received similar properties 

20 for the preparation of air/fiiel. In cases where high requirements for rapid response are 
present, one disadvantage with existing solutions comprising double injectors working in 
parallel at a considerable distance from the combustion chamber is the surface film that forms 
when the fuel mixture is spread in the intake pipe, and the long transport time between the 
injection valve and the intake valve that the fuel mixture must travel. Existing solutions 

25 comprising double injectors working in parallel with a short distance to the combustion 
chamber have problems with poor fuel/air preparation due to the time and transport path being 
too short, and there are problems with the construction of these solutions. 

The present invention concerns the provision of a solution that satisfies the high 
requirements for rapid and exact fuel supply that is required in motors with advanced dynamic 

30 properties. 

Summary of the Invention 

The present invention concerns a method for controlling fiiel injection into an intemal 
combustion engine with advanced dynamic properties and a device for fuel injection into an 
intemal combustion engine. 
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In the invention according to the present application the fuel injection to an internal 
combustion engine comprising an intake pipe with at least one intake valve and one or more 
injectors is controlled in such a manner that a first fuel injection to obtain a well prepared 
air/fuel mixture occurs early in the working cycle of the engine following the closure of the 
S intake valve and a second fuel injection to obtain an optimal amoimt of fuel for the cycle, a 
process known as "transient compensation", occurs late in the working cycle before closure of 
the intake valve. 

In order to know exactly the instant at which transient compensation is to take place, a 
function of the speed of revolution is used whereby the timing can be estimated and transient 

10 compensation can occur as late as possible before closure of the intake valve for the most 
rapid response possible. Calculations of the required amount of fuel for both stationary 
conditions and for .transient compensation are based on the dynamic properties of the surface 
fibn. The position of the throttle is also detected for the correct calculation of the amount of 
fuel for transient compensation. In this way, the possibility of being able to provide 

15 compensation with the correct amount of fuel at the correct instant immediately before the 
valve closes is obtained. In this way, control of the amount of fuel injected is achieved, and 
the fuel is provided exactly when it is needed. It is difficuh using traditional technology to 
estimate the amount of fuel that actually entered the cylinder before the valve closed and how' 
much remained for the next cycle. 

20 Short Description of the Drawings 

In the following text, reference will be made to the accompanying drawings for a 
better understanding of the described embodiments and examples of the present invention, in 
which: 

Fig. 1 shows a sketch of a device according to the present invention; 
25 Fig. 2 shows the fuel injection pulses as a function of time. 

Detailed Description of Preferred Embodiments 

Figure 1 shows an intake pipe I with an intake valve 2, a first injector 3 and a second 
injector 4. In one preferred embodiment, the first injection occurs fix)m a first injector 3 and 
the second injection occurs from a second injector 4. The said injectors are arranged in the 
30 intake pipe 1 such that the first and the second injectors are displaced relative to each other in 
the direction of flow of the air flow, whereby the second injector is arranged close to the 
intake valve while the first injector is arranged considerably earlier in the direction of flow of 
the air. In this way, a difference concerning the transport time for the fuel mixture from each 
injector to the intake valve is achieved. In this embodiment, the first injector 3 is principally 
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used for the injection of an amount of fuel corresponding to stationary conditions, while the 
second injector 4 is principally used for compensation of fuel supply under transient 
conditions. The jet of fuel mixture from the second injector 4 in one preferred embodiment is 
aimed directly at the intake valve 2. 
5 Figure 2 shows the fuel injection pulses from the first injector and from the second 

injector as functions of time. Stationary injection is shown in Figure 2a. A pulse 20 is a fuel 
injection fix>m the first injector 3. The curve 24 shows how the intake valve opens and closes 
during the previous cycle. The pulse 20 lies immediately after the intake valve has closed 
during the previous cycle. Figure 2b shows transient injection. A pulse 21 is an injection of 

10 fuel from the second injector 4. The curve 23 shows how the intake valve opens and closes 
during the current working cycle while the curve 22 shows how the exhaust valve opens and 
closes. The pulse 21 lies late in the working cycle, immediately before the intake valve closes. 

Compensation of the fuel supply during transient conditions is carried out 
simultaneously with rotation of the crank angle of the engine. In order to optimise the amount 

IS of fuel for the current cycle, compensation occurs at that crank angle that is the latest crank 
angle possible in order for the injected fiiel amount to have sufficient time to enter the 
cylinder before the intake valve 2 closes. This latest recent crank angle varies with the speed 
of revolution of the engine. 

The device according to the present application comprises an intake pipe 1 with at 

20 least one intake valve 2 with a valve head and at' least one injector. In one preferred 
embodiment a first injector 3 and a second injector 4 are arranged in the said intake pipe 1. 
The said first and second injectors are arranged displaced relative to each other with respect to 
the direction of flow of the air. The rapid dynamic properties of the motor are handled by 
combining these two injectors. 

25 The second injector 4 is arranged close to the intake valve , while the first injector 3 is 

arranged considerably earlier in the direction of flow of the air. In this way, a difference in the 
transport time from the injection valve to the intake valve is achieved, and a difference in the 
target image for the fuel mixture from the different injectors. The second injector 4 is 
primarily designed for high loads and transient compensation. The location of the second 

30 injector and the simultaneous compensation of transients provide the possibility for a rapid 
and exact injection directly towards an open valve at high loads, which cools the mixture 
more and in this way gives a higher torque through a higher degree of filling of the 
combustion chamber. These two factors also give a lower sensitivity to knocking. A short 
transport time for the fuel mixture between the injection valve and the intake valve is 
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achieved by placing the second injector 4 as close as possible to the intake valve 2, which 
gives a rapid response when the load is increased. In one preferred embodiment, the first 
injector 3 can be of the type known as "single jet type" with a broad cone, while the second 
injector 4 can be of the type known as "multi-jet type" depending on the number of intake 
5 valves. 

In one preferred embodiment, the second injector 4 is angled relative to the first, or the 
injectors can be arranged such that the jets of fuel are arranged at an angle, in such a manner 
that the jet of fuel mixture can be directly aimed at the valve head, giving a more rapid 
response for the engine. 

10 The function and construction of the present invention is assumed to be made clear by 

the description given. Even if the embodiments that have been shown or described have been 
preferred, it is evident that modifications of these can be made within the fi:amework of the 
scope that is defined in the accompanying claims. 



15 
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CLAIMS 

1. A method to control fuel injection in an internal combustion engine, whereby at least 
one intake pipe (1) with at least one intake valve (2) and at least two injectors (3, 4) are 

S included, whereby a first injection of fuel in order to obtain a well prepared fuel/air mixture 
occurs early in the working cycle of the engine following closure of the intake valve (2) and a 
second injection of fuel in order to obtain the optimal amount of fuel occurs late in the 
working cycle before closure of the intake valve (2), characterised in 

- that the first fuel injection occurs from a first injector (3) in the said intake pipe (1), which is 
10 arranged significantly earlier in the flow of direction of air than a second injector (4), whereby 

the first injection of fuel is principally used for injection along the direction of flow of the air 
towards the intake valve (2) of the amount of the said fuel that corresponds to stationary 
conditions, and 

- that the second injection of fuel occurs bom a second injector (4), which is arranged close to 
IS the intake valve (2) in the said intake pipe (1) and the fuel mixture jet of which is injected 

directly towards the open intake valve (2), whereby the second injection of fuel is principally 
used for compensation of the supply of the said fuel during transient conditions, whereby a 
difference concerning the transport time for fuel from the relevant injector (3, 4) to the intake 
valve (2) is achieved. 

20 

2. The method according to claim 1, characterised in that compensation of 
fiiel supply during transient conditions is carried out simultaneously with rotation of the crank 
angle, in such a maimer that injection occurs at a crank angle, that depends on the speed of 
revolution of the engine, preferably the latest crank angle, where the injected amount of fuel 

25 can be included in the cylinder. 

3. The method according to claim 2, characterised in that calculation of the 
amount of fuel for transient compensation is based on the detection of the position of the 
throttle. 

30 

4. The method according to claim 1, characterised in that calculation of the 
amount of fuel required for transient compensation and/or for stationary conditions is based 
on the dynamic properties of the surface film. 
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5. A device to control fuel injection in an internal combustion engine, whereby at least 
one intake pipe (1) with at least one intake valve (2) with a valve head and at least two 

. injectors (3, 4) are included, whereby it is arranged to obtain a well prepared fuel/air mixture 
early in the woricing cycle of the engine following closure of the intake valve (2) by means of 
5 a first injection of fuel and it is arranged to obtain an amount of the said fuel for the current 
working cycle late in the working cycle before closure of the intake valve (2) by means of a 
second injection of fuel, characterised in that 

- the first fuel injection is arranged to occur along the direction of flow of the air towards the 
intake valve (2) from a first injector (3) in the intake pipe (1), which first injector (3) is 

10 arranged significantly earlier in the flow of direction of air than a second injector (4), whereby 
the first injection of fuel is intended to correspond to stationary conditions, and that 

- the second injection of fuel is arranged to occur from the second injector (4), which is 
arranged close to the intake valve (2) in the said intake pipe (1) and the fuel mixture jet of 
which is aimed directly towards the open intake valve (2), whereby the second injection of 

IS fiiel is principally intended for the compensation of the supply of fuel during transient 
conditions, whereby a difference concerning the transport time for fuel fi-om the relevant 
injector (3, 4) to the intake valve (2) is achieved. 

6. The device according to claim 5, characterised in that the injectors (3, 4) 
20 are arranged such that the fuel jets are placed at an angle relative to each other. 

7. The device according to any one of claims S-6, characterised in that the 
second injector (4) is of the type known as a "multi-jet type**. 

25 8. The device according to any one of claims 5-7, characterised in that the 
first injector (3) is of the type known as a "single jet type" with a broad cone. 
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